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ABSTRACT
CesiumT oxide-cesium solutions as a possible source of oxygen
and cesium are investigated in this paper. A converter-reservoir
system which allows multiple additions of oxygen with intervening
thermionic performance tests was developed.
The experimental data cover the cesium oxide mole fraction
range of 0 to 0. 018 with thermionic performance measurements in
the emitter temperature range of 1600 to 1900° K. The data showed
that the thermionic performance was unaffected by the presence of
cesium oxide in this mole fraction range and higher mole fractions
appear to be required for the proper oxygen arrival rate at the
emitter surface. A further study to examine the remaining mole
fraction range of 0. 018 to 1. 0 of cesium oxide in cesium is desirable.
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SUMMARY
The presence of minute quantities of oxygen in cesium ther-
mionic converters can result in a significant improvement in per-
formance. A satisfactory oxygen source that can provide the required
oxygen pressures has not yet been found. Cesium-oxide-cesium
solutions as a possible source of oxygen and cesium are investigated
in this paper.
A converter-reservoir system which allows multiple additions
of oxygen with intervening thermionic performance tests was
developed. Oxygen can be admitted to the reservoir and the reser-
voir can be heated to accelerate cesium oxygen reactions while
sealing the converter from any unreacted oxygen without use of
valves. The converter was designed for good conductance and
material compatibility with cesium-oxygen systems. In this work
the cesium oxide mole fraction range of 0 to 0. 018 was investigated
and the thermionic performance was examined for the emitter
temperature range of 1600 to 1900°K. The performance comparisons
made using variable cesium temperature current-voltage families
showed that the thermionic performance was unaffected by the presence
of cesium oxide in this mole fraction range, and higher mole fractions
appear to be required for the proper oxygen arrival rate at the emitter
surface. A further study to examine the remaining mole fraction
range of 0. 018 to 1. 0 of cesium oxide in cesium is desirable.
vi-r;
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I. INTRODUCTION
The performance improvements achieved by the addition of
oxygen to thermionic converters have been described in reference 1.
One technique for addition of oxygen is the use of a reservoir con-
taining a solution of cesium oxide in cesium as a source of both
oxygen and cesium. This technique was suggested by the experi-
mental work of the past (reference 2), where oxygen was added to a
pool of cesium to make a Cs9O mole fraction of 0. 5; the reservoir
L* . '
was subsequently heated to 650° K to distill the volatile components
to a colder chamber which was subsequently removed from the sys-
tem. The converter was then heated to the normal operating condi-
tions and attractive power output was observed in the reservoir
temperature range of 670 to 700° K. Although the exact composition
in the liquid phase is not known, the resulting cesium and cesium
oxide vapor pressures were estimated from the I-V characteristics
to be of the order of 1 and 10 torr, respectively. Better control
over the oxygen content of the reservoir liquid is desirable if the
feasibility of using Cs_O-Cs solutions as a source of cesium and
Li
oxygen in the thermionic converters for practical applications is to
be determined.
This report describes the development of an additive reservoir
and oxygen dosing system by which such control of the reservoir
oxygen content can be achieved. Preliminary converter performance
data of various Cs O-Cs solutions are presented.
L* '
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It , RESERVOIR COMPOSITION
Knowledge of the vapor pressure of mixtures of Cs O and Cs
C*
is necessary in order to predict the oxygen composition of the Cs-O
mixture in the reservoir which will yield the desired pressures of
Cs O and Cs. Far less is known about the vapor pressure of pure
Cs?O than is now known about its free energy and heat of formation,
and there are no data on Cs O-Cs mixtures.
L*
Tower (reference 3) calculated the composition of the vapor
above solutions of Cs O in Cs using thermochemical data for
Lt
Cs_O (g) from reference 4 and for Cs_O (c) from reference 5. He
£t Li
showed that the results were quite sensitive to the thermal data used
for the computations. For example, a computation using a Cs O
L*
atomization energy of 131 Kcal/mole (reference 6) instead of the
value of li? Kcal/mole (reference 7) employed in the Janaf tables
(reference 4) increased the gaseous oxygen concentration by 1 to 3
orders of magnitude. The unreported Cs O vapor pressures used by
£i '-
Tower are shown in Figure 1, along with the data from an experi-
ment by Klemm and Sqharf (reference 8) in which cesium oxide
evaporating into a stream of flowing gas was condensed and weighed.
The data of Klemm and Scharf are in good agreement with the com-
putations of Tower, based on the atomization energy of 117 Kcal/mole.
As described previously, thermionic data suggest cesium oxide
vapor pressure values which are considerably lower than the cal-
culated values and the data of Klemm and Scharf (Figure 1).
Gusarov et aL (reference 7) have made mass spectrometric analyses
of the evaporation products of a. cesium oxygen system. The initial
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solid composition was Cs' O , but reactions with the platinum con-
L* £*
tainer may have reduced the oxygen content. If it is assumed that
the oxide is reduced to Cs O, the partial pressure reduced from
L*
this data is:in agreement with the thermionic data, as shown in
Figure 1.
The uncertainties in the vapor pressure data shown in Figure 1
prohibit a reasonable estimate of reservoir composition. The curves
in Figure 1 will be used to illustrate this point. In the following,
discussion a first approximation for the .partial pressures (p~) for
mixtures of Cs O in Cs can be .determined from, the vapor pressures
of the pure components by assuming Raoult's law for a dilute solution:
PCs 0= PCs 0XCs O,
L* L* ,. Lt
where P is the vapor pressure of pure Cs O and X is the
CS2
mole fraction of Cs O in the mixture. Similarly,
Lf
*0 = 1/2^Cs O 10~
Lt C* '
If we use lines A or B in Figure 1, the Cs?O concentration will
be so small for the pressure of interest that X < < 1. The cesium
partial pressure will then be only slightly less than the cesium
vapor pressure. Therefore, to obtain about 2 torr of Cs, we need
a reservoir temperature of 577° K (reference 9).
At this temperature P^ =10 and 10 torr, using
-7
curves A and B, respectively. In order to obtain P = 2 x 10
Cs2°
torr, the Cs O mole fraction must be:
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__ 2 x 10"7 -4 , 2 x 10"7 -2
 4. .X. = —: — = 2 x 10 and — = 2 x 10 , respectively,
10" . 10"
If curve C in Figure 1 is used, however, the oxygen pressure
_ 7 < / • - . - • ' . - . . . . . •
of 10 torr is obtained from a solution which is primarily composed
of Cs_O at a temperature of 660° K. At this temperature, however,
the cesium pressure is 13 torr, which requires a dilution to a cesium
mole fraction of X_ = 2/13 = 0. 15 or to a Cs_O mole fraction ofCs 2
X = 0. 85 in order to obtain the cesium vapor pressure of 2 torr.
Note also that in this case Raoult's law is again assumed because of
the low concentration of cesium in cesium oxide. Depending upon
which vapor pressure data are accepted for cesium oxide, the required
-4
mole fraction of cesium oxide varies from X_ =10 to 0. 85.
2
The concentration of Cs O in cesium and the reservoir tern-
Lf
perature will determine Cs»O vapor pressure and arrival rate in
L*
the outerelectrode space. In the interelectrode space, however,
the arrival of oxygen to the emitter surface will depend not only on
the outerelectrode arrival rate, but also on converter geometry and
reactions at both electrode surfaces.
If a relatively cold collector acts as a sink of oxygen in the form
of nonvolatile oxides of tungsten or molybdenum, the arrival of
oxygen at the emitter surface may become limited by the interelectrode
conductance. Suitable choices of collector temperature and material
may then be required to obtain the evaporation of oxides onto the
emitter at the proper rate.
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In view of this large uncertainty in vapor pressure, and the fact
that the vapor pressure may be further modified by transport effects,
it is necessary that any experimental system for studying cesium
oxide additives be capable of covering a wide range of reservoir
compositions.
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III. EXPERIMENTAL APPARATUS
A. THE TEST CONVERTER '
The test converter was produced under contract NAS3-12974 and
is similar to a standard Thermo Electron fixed-spacing, guard ring
converter. Figure 2 shows a section of the converter. The emitter
material was electropolished and heat-treated polycrystalline tung-
sten. The collector was polycrystalline molybdenum. Interelectrode
spacing at operating temperature was 11 mils. The design was
modified to use only those materials most compatible with the oxygen-
cesium testing, namely Mo, Cu, Re, W and alumina. In addition,
the annular region between the guard and emitter sleeve was enlarged
by decreasing the collector diameter. This change greatly increases
the conductivity of cesium oxide from the reservoir to the emitter
surface. . . - • - .
B. DEVELOPMENT OF OXYGEN DOSING SYSTEM
The large uncertainties in vapor pressure of Cs O-Cs solutions
Ci
and in the oxygen arrival rate required for converter performance
improvement necessitates experimental systems for cesium-oxygen
additives capable of covering a wide range of reservoir compositions.
An ideal system for examining Cs9O-Cs solutions for a wide range
£ . * • ' •
of compositions is shown in Figure 3. In this system, oxygen can
be admitted to the reservoir through valve V ; the reservoir can be
heated with both valves closed to achieve a uniform solution, and
then valve V_ can be opened to allow introduction of the mixture to
the converter. Unfortunately, such a system cannot be achieved
easily since the available valves do not remain operable when heated
in a closed position in the presence of cesium.
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An oxygen metering system was devised consisting of the fol-
lowing components: a mechanical roughing pump with a liquid
nitrogen trap; an 8 liter/sec getter ion pump; a-Wallace and Tiernan
differential pressure gauge; a high purity oxygen flask; three volumes
of approximately 10 cc, 100 cc, and 1000' cc, ; respectively; and
standard high vacuum glass valves and tubing. .These components
are interconnected as shown in.Figure 4; .• .-'^V/.
A procedure was devised to couple the ^ oxygen metering system
to the cesium reservoir and converter volume/ ^drnit oxygen, and
then remove the oxygen line. This was donefby;-squeezing a pinch-
off open to admit oxygen and pinching off the copper tube to re seal
the converter-reservoir. ••'.-•'.i••':. .
Figure 5 shows the detail of this "pirich-:qf£ valve". After
cesiation of the converter, a 1/4 inch copper tubulation was pinched
off in the usual manner, after which the converter could be tested
for cesium-only performance. To add oxygen, the system was cooled
to room temperature and the bell jar removed. A length of 5/16 inch
copper tubing with a ball joint at one end and a 1/2 inch diameter
copper hood at the other end was used to make.a leak-tight connection
between the oxygen metering system and the converter-reservoir
volume. One of the collars stored at the bottom of the pinch-off tube
was brought up and soldered to the tube near the pinch-off; the 1/2 inch
cylinder was soldered to this collar.
All components were pre-tinned and had flux residues removed
v
-- ' *
before final soldering, which was performed using a hot air gun.
After the joint was sealed and evacuated, the original pinch-off
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could be opened by squeezing the cylinder across the flat of the pinch-
off. Oxygen could now be admitted to the converter, and the tabulation
could be pinched off below the collar to re seal .the system. This
process could be repeated as many times as there are collars and
sufficient length of tubulation. The design allows for about eight such
operations. Several test pinch-offs and openings were carried out.
Good sealing was obtained easily and the tubulation opened satis-
factorily, although care was required to locate the pinch-off properly.
The following operations could be performed once the oxygen
system had,been connected to the multiple pinch-off line of the
converter: roughing down and pump-down to 10 range all volumes
and lines of the system; isolating a known mass of oxygen in one of
the calibrated volumes ranging from a fraction of a milligram to a
fraction of a. gramj and monitoring the pressure as oxygen was
admitted to the cesium reservoir and reacted with the cesium.
The differential pressure gauge of the oxygen metering system
had a range of 0-120 inches of water and a resolution of 0. 1 inch.
The typical oxygenation procedure was to fill one of the calibrated
volumes with oxygen at a pressure of at least 10 inches HO for good
gauge accuracy, and then to expand this oxygen into a volume adjacent
to the reservoir line, to a pressure not exceeding 5 inches H_O, prior
- • .' ^
to opening the valve to the reservoir volume to prevent blow-through
to the converter. Oxygen was then valved to the cesium reservoir
and the extent of reaction was monitored on the pressure gauge. The
expansion reaction steps could be repeated until all the measured
oxygen had reacted with the cesium.
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C. DEVELOPMENT OF THE CESIUM RESERVOIR
Two attempts to approach the ideal system design (Figure 3)
were made. The first is shown in Figure 6. This system used .an
isothermal U tube section as the converter reservoir, with one side
of the U connected to the converter and the other serving to admit
oxygen. A 100 cc volume on the oxygen side provided an additional
gas reservoir and simplified the control during oxygen admission.
This cone-shaped additional gas reservoir also incorporates a heater-
cooler section which allows the cesium-oxygen mixture to be refluxed,
thereby ensuring that a uniform mixture is formed after adding oxygen.
Above this volume is the pinch-off "valve" tubulation section, used to
add oxygen and re seal the converter.
The U tube reservoir system was constructed and attached to
the previously assembled test converter. The cesiation appendage
containing two 3. 5 gram capsules was attached, and the system was
connected to an 8 liter/sec getter ion pump for outgassing.
Reservoir and converter temperatures were raised very slowly
to keep the pressure below 2 x 1 0 torr and to reduce the possibility
of oxide formation. The rather long tubulation-would cause a larger
than usual pressure drop. Conductance from the converter to the
pump was calculated to be . 013 liter/sec, with over half of the
resistance (. 022 liter/sec) in the 1/4 inch multiple pinch-off line.
After.400 hours of outgassing> the temperature of the various
• •• . • |
components had reached 800° K and gas evolution had decreased. At
this time a leak was noticed in the cesium reservoir system. The
reservoir block with tubing was disassembled and examined. The
10
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leak had developed in the contact area between the U tube and the
copper blocks. The U tube is brazed to the copper block to achieve
a high heat transfer area. During the initial construction of the
reservoir, difficulties were encountered in achieving adequate flow
of the braze material. Several high temperature cycles were nec-
essary, and additional high temperature cycles, were required for
brazing heaters onto the copper blocks. The leak was probably
caused by the excessive exposure of the reservoir system to braze
temperatures. .
A new reservoir system was constructed with only one tempera-
ture cycle of short duration. This reservoir system was attached to
the diode and outgassing resumed.
When the temperatures of the components had reached 800° K,
the system was shut down and leak-checked. A leak was noticed in
the region of the bend below the refluxing cone.
Embrittlement due to excessive oxygen content was first sus-
pected as a possible cause of failure. The section of copper tubing
where the leakage took place was sent for oxygen analysis by the
vacuum fusion method, along with a piece of newly purchased, cer-
tified OFHC copper tubing for comparison. The results of the analysis,
given in Table I, indicate that the tubing that had leaked had slightly
higher oxygen content than,that of the unused certified OFHC copper
tubing, but the:difference seemed rather insignificant.
11
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TABLE I
OXYGEN ANALYSIS OF OFHC COPPER TUBING*
Item ppm
1/4" tubing at a leakage
3/8" tubing at a leakage
Unused certified OFHC 1/4" tubing
Unused certified OFHC 5/16" tubing
Unused certified OFHC 3/8" tubing
: 23.8
:-,: 13. i
' .v- - : •• 13. 0
. 10. 2
11. 3
*The vacuum fusion analysis was used to determine
analysis work was carried out at Lapuck Laboratories, 520
Main Street, Waltham, Massachusetts.
12
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A metallographic examination also could not identify any copper
oxide inclusion particles but, instead, revealed an extraordinary
grain growth in the material, particularly at the shallow bend area
•which has an approximate bending radius of 5 to 10 inches (Figure
7). The phenomenon seemed a typical case of the abnormal grain
growth known to occur during; annealing of cqld- worked me'tals. This
was then proven by a separate experiment.. .
A piece of copper tubing was bent and pinched off at the end.
The piece was then heated in vacuum at the full annealing temperature
of 920° K for eight hours. Metallbgraphic examination indicated that
the areas of severe cold working, such as the pinch-off or the sharp
bending, gave the finest grains, whereas the area of.a slow bending
gave the largest grains (Figure 8). .
We therefore concluded that the ob'served leakage must be
attributed to microcracks atrgrain boundaries where the abnormal
(strain anneal type) grain growth .took place, resulting in a con-
centrated stress along the grain boundaries. This, phenomenon,
similar to "hot-short", is relatively well known in the copper industry
and is called "firecracking". Unfortunately,, it is extremely difficult
to determine the exact condition which causes'the phenomenon. It
seems to be a specific combination of a low level stress, a tem-
perature range of 750° to 900° K, the time of heating, the rate of
temperature increase which varies the thermal stress induced in the
material, etc.
One possible approach to p.revent the .firecracking was: .quick
heating to approximately 550° K, thus stress-relieving the material
before heating it to higher temperatures. Results of this approach
13
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are shown in Figure 9. A piece of copper tubing was bent and pinched-
off at the end. The piece was first heated at 550° K in vacuum for 30
minutes for stress relief, cooled to room temperature by back-filling
helium, and then heated to 1000° K for 8 hours. Results clearly
indicated that the grains were much finer and more uniform than in
the material without the stress relief treatment, although a slight •
grain growth still occurred at a shallow bend area. The tubing was
found to be leak-tight. This technique was used for rebuilding the
reservoir system.
This rebuilt system was outgassed successfully to 800° K but
a leak again developed at this temperature. The leak was in the 5/16
inch OFHC tubing that is part of the cesium reservoir, and was
located near the: middle of the straight portion of the "U" ,on the
converter side of the reservoir.
All leaks thus far occurred in the copper tubing located between
the refluxing cone and the converter. ' After consultation with the ,
NASA-Lewis Project Manager, it was decided to redesign the system
such that all . 030 inch wall OFHC" tubing was eliminated from this
area. - .
The second attempt to approach the ideal system design is shown
in Figure 10. This "dip tube" reservoir was attached to the converter
with a short nickel tube, fuse-brazed to the copper of the reservoir
and converter. Another elbow-shaped nicked tube was used to join
the long multiple pinch-off line to the reservoir. The remainder of
the reservoir material was copper and was joined by electron beam
welding. '
14
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During formation of Cs O, it was desirable not to admit un-
L*
reacted oxygen to the converter volume. The function of valve V«
: "
in the idealized reservoir (Figure 3) was provided by an internal
S-shaped copper tube immersed in the liquid cesium at the bottom of
the reservoir. The liquid cesium would isolate the converter volume,
provided the oxygen pressure did not exceed the pressure of the
cesium column as the cesium rose toward the converter. The 7 gram
charge of cesium could form a 4. 6 inch column in the 1/4 inch ID
tube, corresponding to a pressure of 8. 7 inches HO. Except for
this S-shaped tube and the multiple pinch-off line, all copper parts
of the reservoir system were machined from copper rod, with wall
thicknesses between 0. 080 and 0. 100 inch.
The liquid cesium temperature was controlled by the lower
heater and water cooling of the thin fins at the base of the reser-
voir. A second heater, brazed to the top, was used to maintain the
upper part of the reservoir at a higher temperature than the liquid
cesium, A third heater was wrapped around the multiple pinch-off
section of the reservoir and kept it above reservoir temperature.
The liquid cesium surface was located in an area where heat
flux was negligible and was essentially isothermal. Two sheathed
chromel-alumel thermocouples are positioned close to the liquid
surface to measure reservoir temperature.
The "dip tube" reservoir system was constructed and attached
to the previously assembled test converter. The system was out-
gassed, and no leaksNwere observed.
15
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IV. EXPERIMENTAL PROCEDURE, RESULTS
AND DISCUSSION
A cesiation appendage containing two 3. 5.gram capsules was
attached to the "dip tube" reservoir., and the converter-reservoir
system was connected to an 8 liter/second getter ion pump for out-
gassing. Outgassing was carried out according -to the following
temperatures:
Emitter . 200a°K
Collector . 1030°K
Reservoir and
Tubulation 800° K
Following outgassing, the two cesium capsules were opened and the
pump was pinched off. Cesium was distilled into the reservoir and
the cesium capsule appendage was removed'by pinching at the top
of the multiple pinch-off line;
Cesium-only testing was then begun. Several families of curves
at constant emitter and reservoir temperatures and variable collector
temperatures were first taken. No significant trend in saturation
current versus collector temperature was observed, indicating the
absence of an oxygen additive effect. Figure 11 shows such a family
at 1575° K. . '
Cesium families were then obtained at emitter temperatures of
1600, 1700, 1800, and 1900° K. Collector temperature was opti-
mized at each emitter temperature for maximum power at about
; 2 ' ' ' • - . - ' •
5 A/cm of output current. At an emitter temperature of 1700° K,
data were also taken with the collector temperature 50° K above ,
and 50°K below the optimum value.
17
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At each of the above conditions, reservoir temperature was
varied over 'a sufficiently wide range and in small enough increments
to obtain a well-defined cesium optimized envelope. Typically, eight
reservoir temperatures were documented at each emitter-collector
setting. A typical cesium family at the emitter temperature of 1700° K
and at optimum collector temperature is shown in Figure 12, and the
cesium optimized envelopes for the other emitter temperatures are
summarized in Figure 13. The performance of this converter, which
has an electropolished polycrystalline emitter and a polycrystalline
molybdenum collector, is compared with that of other converters in
Figure 14. As expected, its power output falls in between that of
chloride tungsten and fluoride tungsten emitters •which have (110)
preferred orientation.
Following performance testing with cesium only, the converter
was prepared for oxygen addition. The oxygen line terminating at
the hood was soldered over the converter pinch-off. The tubulations
- 8
and the chambers were then evacuated to 6 x 10 torr, after which
25. 6 torr of oxygen was admitted to the 100 cc chamber. This
oxygen, combined with the 7 grams of cesium in the converter, would
yield a 0. 006 mole fraction of Cs_O in cesium.
^
The converter pinch-off was opened by crushing the hood. A
rapid pressure decrease was observed as the oxygen expanded into
the reservoir and reacted at room temperature with cesium. The
pressure decreased to less than 0. 2 torr in a few minutes. After
1/2 hour, the vac-ion was briefly switched to this volume and the
-7
converter was pinched off with 3 x 1 0 torr in the lines.
18
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The cesium reservoir was raised to 533°K over a two-hour
period and the converter performance was tested at 1600 and 1800° K.
The cesium reservoir was kept at 598° K overnight, and the converter
was retested at 1800° K the next'day.' Performance was found to be
stable over this time period. ' ;,
Converter performance at this first level of Cs O concentration
'- £
was found to be unchanged from cesium-only performance. It was
therefore decided to discontinue testing and add more oxygen.
The amount of oxygen added during the second charge was 100 cc
at 51. 2 torr, to give a Cs O mole fraction of 0. 018. Pressure re-
L*
duction upon opening of the converter pinch-off was similar to the
first time, but slightly slower.
Following the second addition of oxygen, the converter perfor-
mance stability was checked by operating the converter overnight at
an emitter temperature of 1600°K and a reservoir temperature of
577° K, after which the converter was tested at 1600, 1700, 1800
and 1900°K.
Figures 15 through 17 show cesium reservoir families at these
emitter temperatures without oxygen and at two levels of Cs_O
concentration. For the first time, it •was found that addition of
100 cc of oxygen at 76..8 torr did not affect the thermionic perform-
ance of the converter. In view of this, it was decided to increase
the Cs O mole fraction to 0. 054.
C*
As the converter pinch-off was opened for the third time, an
increase rather than a decrease in pressure was observed, due to
a leak in the emitter sleeve. Testing was discontinued.
19
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The absence of performance gain seems to indicate a negligible
arrival rate of oxygen at the emitter surface despite mole fractions
of Cs?O in Cs up to 0. 018. This can be due to a cesium oxide vapor
pressure lower than most estimates, maybe the level of Gusarov's
data. Another reason may be reactions of Cs O with molybdenum,
c*
rhenium or tungsten between evaporation from the liquid cesium in
the reservoir and trapping in the interelectrode space.
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. V. .CONCLUSIONS ,
A. THERMIONIC PERFORMANCE
A thermionic converter -with a'tungsten emitter and a molyb-
denum" collector .was tested:with:£he following concentrations of..'
oxygen i n cesium: ; - ' . - • • . .
Le fraction
0
0. 006
0. 018
; M •,•-"• grams
7
7
7
MQ , gran
2
0
0. 0050
0. 0151
No oxygen additive effect on diode performance was noted. These
results indicate a lower than expected oxygen arrival rate at the
emitter. Reasons for this low arrival rate were advanced. Higher
Cs O mole fractions are required for a proper oxygen arrival rate
L*
at the emitter. The results also indicate that it is not necessary to
be concerned about avoiding oxygen impurities in the cesium reser-
voir, since Cs O mole fractions as high as 0. 018 have failed to
C*
influence the performance.
In order to examine the capabilities of Cs-Cs9O solutions as a
L*
source of cesium and oxygen for thermionic converters, the re-
maining mole fraction range of 0. 018 to 1:0 should be examined.
The experimental technique developed in this program has proven to
be quite useful for this work.
B. TEST VEHICLE
A converter-reservoir system was developed that allows
multiple additions of oxygen with intervening thermionic performance
21
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tests. Performance of the "pinch-off valve" was excellent both in
tests and actual use.
OFHC 0. 030 inch wall copper tubing was found to be a very
unreliable material at temperatures above 700° K. Straight tubing
and heavier sections appearvto be more reliable.
22
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Figure 1. Vapor Pressure Characteristics of Cs O.
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Figure 2. Schematic of the Thermionic Converter
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Figure 3. The Conceptual Schematic of the Experimental System
Required for Cesium Oxide - Cesium investigations.
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Figure 5. System Set-up for Addition of Oxygen
in Cesium Oxide-Cesium Investigations.
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Figure 6. Preliminary Experimental System for
Addition of Oxygen in Cesium Oxide-
Cesium Investigations.
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Figure 7 (a)
Figure 7(b)
Figure 7. Area near leak in copper tubing, showing abnormal
grain growth with huge grains across the wall.
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Figure 8. Various grain sizes in copper tubing, cold worked
and heated at 920°K for 8 hours in vacuum.
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Figure 8 (continued).
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Figure 9. Various grain sizes in copper tubing, cold-worked,
stress relieved at 550°K for 30 minutes and heated
at 1000°K for 8 hours in vacuum.
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Figure 10. The Actual Experimental System for
Addition of Oxygen in Cesium Oxide-
Cesium Investigations.
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Figure 11. Collector Temperature Family at TE = 1575° K,
TR = 533° K and Mole Fraction CsO in Cs X = O.
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Figure 12. Cesium Temperature Family at TE = 1700° K
Tc = 923° K and Mole Fraction of Cs O in
Cs X = O.
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Figure 13. Optimized Cesium Temperature Family Envelopes
at Mole Fraction of Cs2.O in Cs X = O.
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Figure 15a. Cesium. Temperature Family at TE = 1600° K
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Figure 15b. Cesium Temperature Family at TE = 1700° K,
Tc = 923° K and Mole Fraction of Cs O in Cs
X = O.
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Figure 15c. Cesium Temperature Family at T£ = 1800° K,
Tc = 925° K and Mole Fraction Cs O in Cs
X = O. Z
43
7E5-21
TE* 1900 °K
TC-972°K
TR » variable
d« II mils
x » 0
0.2 0.4 0:6 0.8
OUTPUT VOLTAGE, Volts
.0 1.2
Figure 15d. Cesium Temperature Family at TE = 1900°K,
Tc = 972° K and Mole Fraction of Cs O in Cs
X = O. Z
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Figure I6a. Cesium Temperature Family at Te = 1600° K,
Tc = 933° K and Mole Fraction of Cs O in Cs
X = 0. 006.
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Figure 1 6b. >..Oesium Temperature Family at TE = 1800° K,
Tc = 933° K and Mole Fraction of CsO in Cs
X = 0. 006.
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Figure 17a. Cesium Temperature Family of TE = 1600° K,
Tc = 923° K and Mole Fraction of Cs O in Cs
X = 0. 018.
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Figure I7b. Cesium Temperature Family .at TE. = 1700° K,
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Figure
 ;17c. Cesium Temperature Family at TE = 1800° K,
Tc = 948° K and Mole Fraction of Cs O in Cs
X = 0. 018.
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Figure 17d. Cesium Temperature Family at TE = 1900° K,
.Tc = .973°K and Mole.Fraction of Cs O in Cs
X = 0. 018.
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